Immediate early antigen (IEA) induced in human lung fibroblasts by human cytomegalovirus was characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis after immunoprecipitation with IEA-positive human sera. Two polypeptides of 76,000 daltons (76K) and 82K were detectable within 90 min after infection. Polypeptides of similar molecular weight were also found in immunoprecipitates of human cytomegalovirus-infected cells nonpermissive for virus replication. IEA is located within the nucleus, although some of the 76K material appears to be located on the outer nuclear membrane. Raising salt concentrations in the extraction buffer increased antigen extraction. The contribution of these IEA polypeptides to IEA nuclear fluorescent staining is discussed.
Immediate early antigen (IEA) induced in human lung fibroblasts by human cytomegalovirus was characterized by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis after immunoprecipitation with IEA-positive human sera. Two polypeptides of 76,000 daltons (76K) and 82K were detectable within 90 min after infection. Polypeptides of similar molecular weight were also found in immunoprecipitates of human cytomegalovirus-infected cells nonpermissive for virus replication. IEA is located within the nucleus, although some of the 76K material appears to be located on the outer nuclear membrane. Raising salt concentrations in the extraction buffer increased antigen extraction. The contribution of these IEA polypeptides to IEA nuclear fluorescent staining is discussed.
Using indirect immunofluorescence (IIF) and human sera, human cytomegalovirus (HCMV)-induced antigens have been divided into two main groups, "early" and "late," in the function of their appearance before or after viral DNA synthesis, respectively. Among the early antigens, the following have been described: immediate early antigen (IEA) (13, 15) , early nuclear antigen (4, 5, 21, 22) , early cytoplasmic antigen (22) , and early membrane antigen (1) . IEAs are detected by IIF within 20 min after infection as homogeneous nuclear fluorescence (13, 15) . Early antigens, as defined by The et al. (21) , are nuclear antigens detected by IIF in cells arrested by cytosine arabinoside for 72 h after infection and, therefore, represent an accumulation of virus-induced products appearing before the synthesis of viral DNA. Late antigens correspond to the fluorescent staining of the nuclear inclusion body and appear in cells after viral DNA synthesis takes place.
As yet no correlations have been made between the protein composition of early immunofluorescent antigens and HCMV-induced infected-cell-specific proteins (ICSPs) (16, 17) . Knowledge of such a relationship is necessary to understand the role of such antigens in virus-cell relations and virus replication.
Among ICSPs the immediate early proteins are of special interest in that (i) their induction appears necessary for continuation of the viral cycle (17) ; (ii) these proteins are probably involved in chromatin template activation (7) ; and (iii) they appear in cells nonpermissive for virus replication (13, 15) . For these reasons, we have investigated the polypeptide composition of ICSPs participating in IEA fluorescence.
The results of a characterization of IEA on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) after immunoprecipitation with human sera, using techniques successfully applied to the characterization of simian virus 40 T antigen (9) bCover slips were sampled 3 h p.i. The percentage of immunoprecipitable activity was estimated by calculating the total counts per minute in the immunoprecipitate divided by the total counts per minute in the antigen preparation before precipitation.
SDS-PAGE analysis (10) . Unless otherwise indicated, running gels of 7.5 and 10% and stacking gels of 4% were used with a bis-acrylamide concentration of 2.5% and cross-linked with N,N,N',N'-tetramethylethylenediamine (Koch Light). Samples were heated at 100°C for 5 min before being applied to the gels. Gels were migrated at 25 mA until the blue marker was 1 cm from the bottom of the gel (about 4 h). Autoradiography was performed using Kodirex film. For fluorography (2), performed when the counts of any one sample were less than 10,000 cpm, gels were exposed to Kodak RP Royal X-Omat film.
Standards of known molecular weight were run in each gel and consisted of beta-galactosidase (130,000), alpha-phosphorylase (94,000), bovine serum albumin (68,000), catalase (60,000), L-glutamic dehydrogenase (53,000), ovalbumin (43,000), aldolase (40,000), lactoglobulin (18,400), and cytochrome c (12,000); molecular weights were calculated by regression. Gels were stained with 0.0125% Coomassie brilliant blue in 5.4% glacial acetic acid, 41.4% methanol, and 53.2% distilled water (all volume for volume). Gels were destained in the same solution minus the Coomassie brilliant blue.
HF. The technique for IIF has been described elsewhere (13) . M19 antiserum was used at a dilution of 1/250 and other sera were used at a dilution of 1/20. Fluorescein isothiocyanate-conjugated anti-human immunoglobulin G (Behring) was used at a dilution of 1/200.
RESULTS
ODS-PAGE analysis of proteins after immunoprecipitation with IEA+ serum. Cells were labeled with [3S]methionine for 2 h after the end of virus adsorption (1 h) and precipitated with IEA-positive (1EA+) sera. In parallel, uninfected cells labeled for the same length of time were reacted with the same IEA+ sera. Figure 1 shows that all IEA+ sera precipitated a band at 76,000 (76K) in infected cells (columns a-e). In addition, four of five sera also precipitated at 82K. The IEA specificity of these two bands was deduced by comparing gels of infected-cell IEA+ serum precipitates (columns a-e) with uninfected cells precipitated with the same sera (columns a'-e'). It can be seen that bands at 76K and 82K in infected cells may be considered as IEA ICSPs, since all other bands appear also in uninfected control cell precipitates.
To see if IEA ICSPs detected in human permissive fibroblasts were also induced in nonpermissive (rabbit skin) fibroblasts, nonpermissive and permissive cells were labeled from 1 to 3 h after infection with [35S]methionine and precipitated with M19 IEA+ serum (Fig. 2 , columns c and d) and HCMV-negative serum (GAR) (columns b and e). These were compared with uninfected cells of the same types precipitated with M19 IEA+ serum (columns a and f). Permissive and nonpermissive cells precipitated with M19 IEA+ serum yielded bands at 76K and 82K. In RSB-1-infected cells two other bands were also visible (column c, Fig. 2 ). Because these bands were consistently present in RSB-1 cells and never present in human cells, their IEA specificity is questionable. No additional bands were evident in gels of 12%.
Lmmunoprecipitates represented, on the average, 0.45% of the total radioactivity in infectedcell extracts.
Control of extraction procedure for IEA from infected cells. To examine the effect of Tris buffer at alkaline pH in the presence of NP-40 (EB; see Materials and Methods) on the removal of IEA, IIF was performed on cover slip preparations of infected cells after treatment with EB, using techniques described by Tegtmeyer et al. (20) . Three hours postinfection (p.i.) cells were incubated with EB for 20 min at 4°C before being fixed in methanol for fluorescence. As controls, similarly prepared cells were incubated with EB without NP-40 and EB at pH 6.8 with and without NP-40. Figure 3a shows that EB at pH 9 with NP-40 almost completely removes IEA fluorescence. The alkaline pH appeared to be critical since the same buffer at pH 6.8 with NP-40 did not significantly affect fluorescence (Fig. 3b) .
The molarity of NaCl in the EB greatly af- Fig. 1 (autoradiography) .
fected cells were first extracted in the presence of 0.137 M NaCl followed by 0.6 M NaCl. Other infected cells were first extracted at 0.3 M NaCl followed by 0.6 M NaCl. Figure 4 shows that a molarity of 0.137 M (column a) leaves a major portion of antigen in the cell since reextraction with 0.6 M NaCl (column c) recovers a considerable amount of antigen. However, when cells are first extracted with 0.3 M NaCl (column b), there is almost no precipitable material in the subsequent 0.6 M NaCl extract (column e). Kinetics (Fig. 5) , the 76K and 82K ICSPs were first visible only 90 min after infection. At this time, the 82K band was less intense than the 76K band.
No precipitable material was seen in cells labeled for 3 h before infection and then chased for 3 h after infection.
Investigation of the role of IEA polypeptides in IEA immunofluorescence. In light of the fact that immunofluorescence detects IEA within 20 min after infection, whereas immunoprecipitation of labeled preparations detects material beginning 90 min p.i., it seemed of interest to investigate the participation of IEA polypeptides in immunofluorescence. For this purpose, antigen was prepared as above from 3-h p.i. cells (5 x 106). A 1/500 dilution of M19 IEA+ serum was made directly in the antigen preparation and allowed to adsorb overnight at 4°C with vigorous shaking. As controls, 1/500 dilutions of the same IEA+ serum were made in extracts from uninfected cells and in EB alone and adsorbed overnight. After adsorption, all preparations were centrifuged for 30 min at 12,000 x g and 4°C. Each serum thus adsorbed was applied to both uninfected and 3-h p.i. infected cells as antisera in IIF. As an additional control the same IEA+ serum was freshly diluted 1/500 in phosphate-buffered saline. Figure 6 shows that incubation of IEA+ serum overnight with uninfected cell extracts (B) or EB alone (G) does not affect IEA fluorescence, whereas incubation of sera at a 1/500 dilution in infected-cell extract (A) completely eliminates IEA fluorescence.
Early antigen fluorescence of the same serum persisted after IEA antibody adsorption. No fluorescence was seen in uninfected cells (Fig. 6E  and F) .
Influence of AD and CH on IEA appearance. As indicated previously (13) (Fig. 7) . Under these conditions AD treat- 106) were treated with AD (5 jsg/ml) or CH (50 ,ug/ml) for 30 min before infection, during virus adsorption (30 min), and for 2 h thereafter. Antigens were extracted as described in Materials and Methods, and M19 IEA+ serum was diluted 1/500 directly in these antigen extracts. After adsorption overnight at 4°C with vigorous shaking, samples were centrifuged at 12,000 x g for 30 min at 40C. Each adsorbed serum was then used as antiserum in the first stage of immunofluorescence on cells 3 h p.i.
Adsorption by AD-and CH-treated infected cells failed to remove the fluorescent staining of IEA when adsorbed sera were tested on cells which had been infected for 3 h (Fig. 6A and C) . These results were predictable in light of the small, or nonexistent, amounts of IEA ICSPs synthesized in the presence of these inhibitors as seen in SDS-PAGE gels after immunoprecipitation.
Localization of IEA within the cell. After being labeled and washed in phosphate-buffered saline (see Materials and Methods), half of the cells were allowed to swell for 10 min at 40C in and reticulocyte standard buffer and then were subjected to 12 strokes in a Dounce homogenizer fitted with piston B. The other half of the cells were allowed to swell in reticulocyte standard buffer with 0.5% NP-40 for 10 min before being rapidly mixed in a Vortex mixer. Nuclei were centrifuged off at 800 x g for 4 min and resuspended in EB for 20 min to extract antigen. Cytoplasmic fractions were centrifuged further at 30,000 x g for 30 min at 40C and then diluted 1/1 with EB; the concentration of NP-40 was adjusted to 0.5% to extract antigens. All fractions were precipitated with 5 yl of M19 IEA+ serum overnight at 40C with shaking and analyzed on 10% SDS-PAGE. In the presence of NP-40, the 76K band appears in both cytoplasmic (column c) and nuclear (column a) fractions (Fig. 8) . The 82K band was only present in the nuclear fraction (column a), where it was substantially reduced. In the absence of NP-40, all precipitable material segregated with the nucleus (column b).
DISCUSSION
Much attention has recently been given to events occurring immediately after infection of cells with HCMV, notably because of virus-induced stimulation of host-cell functions (3, 18, 19) . Kierszenbaum and Huang (8) showed that the ultrastructure of chromatin from infected cells displays novel bipartite and oblate ellipsoid 76K* (9) . Using this technique, we found that only two IEA ICSPs are consistently present in the nuclei of infected permissive and nonpermissive cells. These have molecular weights of 76K and 82K. The main arguments in favor of these being virally induced proteins are: (i) using IEA+ sera, these polypeptides are only present in infected cells and are absent from uninfected cells; (ii) both polypeptides are precipitated by a variety of HCMV-positive IEA+, but not by IEA-negative, sera; (iii) both polypeptides are present in permissive as well as nonpermissive cells. Stinski (17) has reported that 6 h after infection three ICSPs (molecular weights of 75K, 72K, and 68K) can be detected using CH-treated cells and hypertonic medium. In light of the differences in experimental approach, it is difficult to superimpose our results on his. Study of the kinetics of the appearance of IEA showed that by IIF antigen is detected 20 min p.i., whereas it is not seen until 90 min p.i. in gels after immunoprecipitation. This discrepancy may be due to inherent differences in sensitivity of each method. Nonetheless, at least one virus function is expressed within 90 min and is due to de novo synthesis, since no immunoprecipitable material was found in cells labeled before infection.
The importance of these immediate early polypeptides in the infectious cycle in vivo can be inferred from the fact that over 40% of normal blood donors react to IEA (11 
